Human growth is an extremely complex process driven by both genetic inheritance and epigenetic adaptation (in the widest sense) to environmental conditions. Growth is influenced for instance by parental growth patterns, the pelvis size of the mother, maternal health and nutrition during pregnancy, morbidity and infection, physical exertion, elevation, and exposure to cold environments. Human biologists, anthropologists, economists and anthropometric historians have tended to treat these inherited and environmental factors as intrinsically separate. Because environmental factors explained more of the variation in mean heights than genetic differences within a like population, these scholars mostly ignored inherited influences on height to focus on the effects of varying environmental conditions on nutritional status.
2 This omission may be a useful heuristic device in studying variation in adult stature, but it seriously oversimplifies the complex interactions between environmental and inherited characteristics and their influence on human growth.
In order to understand these interactions, we must begin considering adaptive models of prenatal and postnatal growth. Within an adaptive framework, it is possible to understand how environmental conditions trigger certain genetically and epigenetically encoded life strategies, which, in turn, affect final height, longevity, and morbidity throughout the life cycle. An adaptive framework for growth can also help historians to make sense of the varied patterns of growth in historical populations. For instance, it can help explain why the timing of the pubertal growth spurt varies widely across populations and why some groups of children experience catch-up growth when others do not.
In this paper, I use an adaptive framework for understanding children's growth to reinterpret the 'peculiar' pattern of slave children's growth in antebellum America and the Caribbean. In a series of papers in the 1970s and 1980s, Steckel traced the basic outline of slaves' growth pattern. He imputed slave birth weights from other evidence arguing that they were extremely low compared to modern populations. However, despite slave children's low starting point, they experienced remarkable catch-up growth after entering the labour force around age ten, attaining final adult heights taller than many of their European working-class contemporaries. 3 In essence, I argue that the tremendous catch-up growth experienced by slaves is inconsistent with Steckel's assertion that slave birth weights, a proxy for health in utero, were incredibly low. Adaptive theories of human growth suggest that poor conditions in utero have long-lasting effects on the growth pattern of children, especially in limiting catch-up growth. Thus, it is more likely that slave children experienced relatively good conditions in utero and had higher birth weights than Steckel argued. Terrible health conditions in infancy and early childhood led the children to become extremely stunted, but the combination of prenatal adaptations for a tall adult height and improvements in their diet and environment made their remarkable catch-up growth possible. After discussing this case study, I will draw on secondary literature to develop four stylized facts about children's growth patterns in the past and place these stylized facts within the adaptive framework of growth. The paper concludes by offering some ideas about methods and topics ripe for future research.
I
Before delving into the prenatal and postnatal adaptive models of children's growth in detail (presented schematically in Figure 1 ), it is first necessary to explain the concept of adaptation from a biological perspective. Functional adaptations are adaptations that improve an organism's fitness or functional viability within a specific environment during an organism's lifetime. 4 Thus, they are adaptations that increase the probability that an organism will survive to reproductive age and produce viable offspring. Immediate adaptations confer 3 Steckel, 'Peculiar Population'; Steckel, 'Birth Weights'. 4 Frisancho, Human Adaptation, pp. 4-5; Huss-Ashmore, 'Theory', pp. 13-15. immediate functional benefit to the organism but could have long-term costs for fitness later in life. Predictive adaptive responses attempt to align the organism's physiology with later environmental conditions, conferring long-term advantages, but not necessarily improving the immediate fitness of the organism. 5 Whether adaptations confer improved fitness to the organism in both the short and long run is not an absolute but a relative calculation. 6 The adaptive mechanisms presented in this paper increase a person's chances of surviving to reproductive age and reproducing, but they also have some negative long-term consequences on health after the typical period of reproduction. Thus, functional adaptations do not necessarily maximize life expectancy or health over the entire life cycle.
Insert Figure 1 here
There has been growing evidence in the past decade that conditions in the prenatal period are extremely important to growth and health later in life. David Barker initiated much research and debate when he published his hypothesis, sometimes known as the 'early origins hypothesis' or 'fetal programming', suggesting that fetuses limit their growth and permanently change their physiology and metabolism based on the availability of nutrients in the womb. 7 Barker further argued that these physiological and metabolic changes could be responsible for higher incidences of coronary heart disease, hypertension, stroke, and diabetes. 8 Since then, there has been a tremendous amount of scholarship published attempting to explain the consequences of poor health conditions in utero for longevity, height and morbidity across the life course. 
The complex and varied results of this research agenda allowed Gluckman and
Hanson to place Barker's Hypothesis in an adaptive framework. They argued that there are three ways of interpreting a fetus's response to poor environmental conditions in the womb.
First, if nutrient conditions in the womb are extremely dire, the fetus could experience developmental disruption, which is not adaptive and can lead to severe birth defects. Second, an immediate adaptive delay in growth might allow the fetus to survive a short-term nutritional insult that would have killed it if it did not curtail its growth. Third, low nutrient levels in the womb could trigger a predictive adaptive response in the growing fetus where nutrient conditions in utero are taken to be a good prediction of future conditions and the growth, metabolism, and physiology of the fetus are adapted to best fit that predicted environment. 10 In other words, if a fetus is undernourished in the womb, epigenetic and hormonal processes adapt it to be able to survive better in a postnatal environment with limited nutrients.
11
There are two sets of long-term consequences of predictive adaptive responses in utero: the first affects the child's growth pattern during the growing years. Children exposed to poor conditions in utero have a slower metabolism, reach a shorter adult stature that requires fewer calories to maintain and experience faster maturation and an earlier age at menarche so that the fetus reaches reproductive viability early and has a better chance of reproducing before death. 12 The second set of long-term consequences of a prenatal predictive adaptive response influence children's long-term health and productivity. As mentioned above, Barker and others have found that exposure to poor conditions in early life 10 The theory of predictive adaptive responses (PAR) is not without its detractors. Bogin et al., 'Life History' argued that existing evidence does not support PAR, but most of their evidence was drawn from the INCAP Guatemalan intervention studies, which have experimental design flaws that make the results difficult to interpret and undermine many of the inferences that they ascribe to it. See also Strauss and Thomas, 'Health', pp. 3429-3432 and web appendix for more information. 11 Gluckman et al., 'Environmental Influences'. 12 Gluckman and Hanson, 'Consequences', Gluckman and Hanson, 'Evolution', Gluckman et al., 'Environmental Influences', Godfrey, et al., 'Epigenetic Mechanisms', increased the prevalence of heart disease, stroke, and diabetes in later life. 13 Cohorts exposed to poor conditions in utero also experience non-adaptive scarring such as cognitive impairments and lower educational attainment and earnings.
14 Clearly, impaired prenatal growth can have many serious consequences for the postnatal life of the child. However, these consequences, some more negative than others, do not preclude an adaptive framework from the prenatal predictive response. If the fetus predicts that its nutritional environment will be poor in its postnatal life, then limiting its body size so that it requires fewer calories and nutrients to survive is a beneficial response despite some of the negative consequences listed above. The first postnatal immediate adaptive response is a slowing of growth during a nutritional or disease insult. This is a beneficial adaptive response because the child limits increases to its basal metabolic rate that come with growth in order to conserve energy.
However, there are costs to this response, and a child who undergoes postnatal stunting is not healthy. Shorter and underweight children are at a higher risk of disease because malnourishment weakens the immune system. 18 The fitness of a stunted child is not higher than a child who continued to grow normally. Instead, the stunted child has a higher relative level of fitness compared to a child who continued to grow normally despite poor environmental conditions.
The second postnatal adaptive response is to delay the pubertal growth spurt and sexual maturity during times of hardship. Despite the fact that menarche would be programmed to arrive earlier by a poor prenatal nutritional environment, Gluckman and context. Adaptive mechanisms are built into human physiology to adapt individuals to poor nutritional and disease conditions in both the prenatal and postnatal growth periods.
Anthropometric historians can benefit from understanding the conditions that lead to adaptive
responses and evaluating what the benefits and costs of any adaptation could be.
II
The previous section set out an adaptive framework for understanding children's growth and attempted to explain how some of these mechanisms might have worked. The next three sections seek to demonstrate the utility of this framework by using it to suggest a reinterpretation of the growth pattern of slaves in antebellum America and in the Caribbean.
The analysis will build upon Steckel's original pioneering research as well as more recent debates about slave children's health.
Steckel was the first to study the heights of slave children and compare them with modern growth standards, reconstructing the growth pattern of slave children. To do this, he drew upon a large number of ship manifests created to monitor the coastwise slave trade after the Atlantic slave trade was abolished in 1807. 29 These manifests provide cross-sectional height measurements for all slaves shipped, including children. Steckel found that slave children were very stunted at birth and in early life. Slave boys and girls were 3.23 and 2.89 standard deviations below modern standards (recalculated according to 2006/7 WHO standards) respectively at age 5.5. 30 In addition, because there is no evidence of slave birth 29 There has been a lengthy discussion in the literature about potential selection bias in these sources. However, the general finding is that the magnitude of the catch-up growth would be the same as or larger than Steckel described. Thus, for the purposes of this paper, any potential selection bias will not influence the arguments. weights, Steckel used the heights of slave children at ages three and four to predict their birth weights using the log linear relationship between mean heights at ages three and four and mean birth weights in poor modern populations. This procedure yielded an extremely low mean birth weight of 2,320 grams compared to current international standard of 3,380
grams. 31 However, despite these very poor early life health indicators, by the time that the slave children had stopped growing after age 21, the average man and woman was only 0.81 and 0.67 standard deviations below modern growth standards respectively. This is a massive gain in height relative to modern standards, much larger than any gain that has been measured for similarly deprived populations, including slave populations in the Caribbean analysed by Higman.
32
Steckel's analysis is sound, but it is worth noting that by using percentiles to understand growth trajectories, he only described the relative catch-up growth of the population not the absolute catch-up, which is best measured using a Z-score. A population moving from the 1st percentile to the 2nd percentile of modern growth standards has made a much larger gain in absolute height than a population moving from the 49th percentile to the 50th percentile. 33 This difference is important because it leads Steckel to understate the catchup growth of American slaves before the age of 10 (figures 2 and 3) and the catch-up growth of slaves in the Caribbean. 34 Steckel argues that the American slave children began experiencing catch-up growth early in childhood, but the most sustained catch-up growth occurred after age 16.5 for boys and 13.5 for girls. Explaining the poor growth outcomes at younger ages and improving children, adjusting thresholds for underweight, overweight and obese downward since the obesity epidemic had already started in the United States. Wang et al., 'Limitations', p. s180 . 34 Steckel, 'Peculiar Population', p. 728; Higman, Slave Populations, health outcomes by the time slaves reached adulthood has been more difficult. Steckel argued that slave owners had different incentives to invest in children versus adults. Until children could join the productive workforce, after approximately age 10, slave owners fed children low cost and low nutritional quality grains, only providing meat and protein for children after they started working in the fields. Steckel also points out that slave mortality rates after age 10 were relatively low and stable, suggesting that the catch-up growth after age 10 would not be influenced by survival bias. arguing that slow growth before the age of ten can be better explained by hookworm exposure than poor nutrition. They argue that because children were kept near slave quarters during the day and did not have good control over their bowels, they were at much higher risk of becoming infected with hookworm than adults who spent most of the time in the fields away from the unsanitary living quarters. Thus, when children began working around the age of ten, their exposure to and morbidity from hookworm decreased significantly, and they were able to attain high levels of catch-up growth. They estimated that hookworm could account for 31 per cent of the shortfall in children's heights. 36 Steckel challenged their claims in a response, arguing that they overestimated the effect of hookworm and that constant levels of childhood mortality among slaves aged seven and above suggest that improvements in the disease environment could not explain slave children's remarkable catch-up growth.
37
Insert Figure 3 here 35 Steckel, 'Peculiar Population', . 36 Coelho and McGuire, 'Diets', pp. 239-241. 37 Steckel, 'Diets', pp. 249-254.
III
Although these authors' arguments are interesting, there is quite an intriguing puzzle hidden in their extensive work. Steckel argues that slaves had the lowest average birth weights of any population ever studied, suggesting very poor early life health conditions. However, an interpretation of slave children's growth in an adaptive framework would perhaps better explain the pattern of growth that Steckel observes (see figure 4 for a schematic view). I will first present the framework for American slaves before also applying it to slaves in the Caribbean as a robustness check. The argument turns around one key revision of Steckel's research on slave health, namely that slave birth weights were not extremely low. Thus, the argument would follow that adult slave women had relatively good nutrition and health. This ensured that prenatal conditions were fairly good for the growing fetus compared to other historical populations. Relatively good conditions in utero provoked a predictive adaptive response. Slave fetuses developed as if conditions in the postnatal period would closely mirror the conditions faced by their mothers in adulthood; they were programmed for a tall stature and a relatively high metabolism.
However, after the children were born, they experienced a brutal mismatch between the prenatal and postnatal environment: conditions were far worse for the children in the 38 Steckel, 'Birth Weights'. 39 Proos and Gustafsson, 'Early Puberty'. early postnatal period than the prenatal period. The combination of a high metabolism set in the prenatal period and poorer nutritional and disease conditions in the postnatal period took a striking toll on the children's health and prompted an immediate adaptive response in the children, slowing their growth rate relative to children in modern populations. This is corroborated by evidence that the children were severely stunted when the first reliable estimates of their height are available at age three and four. 40 The children first started experiencing catch-up after age 3.5, but persistently poor conditions likely also triggered the immediate adaptive response in the children to delay the pubertal growth spurt since their level of nutrition was still quite low in early adolescence. Thus, the second bout of catch-up growth was possibly sparked by the children's entry into the labour force, which provided them with a more ample and balanced diet and reduced their hookworm morbidity. These two positive shocks forced the children back onto the healthier growth trajectory that was set during the prenatal period, allowing them to experience catch-up growth. The immediate adaptive response to delay the pubertal growth spurt also meant that the growth continued for a much longer period than would occur in modern populations.
This new interpretation is built on four key assertions about slavery in antebellum
America that have to be carefully justified: first, slave women had to be healthy and well fed relative to women in other historical populations; second, conditions for slave children had to be very bad in infancy and early childhood and improve thereafter; third, slave children's birth weights could not have been as low as Steckel estimated; and finally, catch-up growth could not have occurred on the scale observed if the children experienced poor conditions in the prenatal period. I will deal with each of these in turn; however, it is important to note that slavery was a very heterogeneous institution with different practices based on the size of the plantation and the primary crop. This makes it difficult to precisely determine factors influencing the pace of catch-up growth across childhood and adolescence, especially acceleration at a given age, but it is possible to highlight changes in slave nutrition and disease exposure that could have sparked such tremendous catch-up growth.
Insert Figure 4 here
The first assertion that must be proven in order for the adaptive framework explanation of slaves' growth to hold true is that slave women had to have been healthy relative to other historical populations. There is considerable debate about whether adult slaves received adequate nutrition for the amount of work that they were required to perform. now the tallest population in the world. 47 In addition, the size of catch-up growth that slaves of both genders experienced is evidence that slaves were given more than enough nutrients to grow despite their high work requirements in adolescence. 48 Finally, Steckel shows that while there were substantial differences in mortality rates of slaves and other Americans in childhood, these had largely disappeared by age 20-24.
49
It is thus credible that aside from their heavy labour, adult female slaves experienced fairly good conditions relative to other historical populations. This does not mean that slave women were healthy or fit relative to modern populations. It only means that the conditions that pregnant slave woman and their developing children experienced in utero were superior to the conditions that slave children faced in the first few years of life.
The second key assertion is that the environmental and nutritional conditions that slave children faced in infancy had to be exceptionally bad and there had to be improvement 45 She argues that the persistent (and econometrically unexplainable) gap in birth weights between European Americans and African Americans descended from slaves in the US may be a residual effect of the terrible conditions of slavery (Jasienska, Fragile, p. 126, quote; Jasienska, 'Low' over childhood and adolescence. There is substantial evidence to support this claim, though the evidence on slave children's health and nutrition is sparse and fragmented at best. While mothers tried to breastfeed their children for at least a year, this could prove difficult depending on owners' labour requirements. Agricultural journals and plantation rule books generally suggest that slave mothers were given one month out of work following a birth, allowing them to recover and practise exclusive breastfeeding, but after this month and even during the first month in times of peak labour demand, it became more difficult to maintain an exclusive breast milk diet for their babies. On smaller plantations, infants might be brought with their mothers into the fields where they could be nursed regularly. However, on larger plantations using gang labour or where the slave owners wished to extract more productive labour, infants would be kept either in the slave quarters or in a nursery with mothers returning two to three times during the day to breastfeed their children. 50 The rigid schedules and limited feeding, especially during times of peak labour demand, forced slaves to begin supplementing infants' diets from an early age, depriving slave children of key nutrients, protein and anti-bodies from their mother's milk and also making them more susceptible to diseases from contaminated food. 51 Slaves supplemented breast milk with potlicker (broth from cooking beans), mush and skimmed milk, or clabber (soured thick milk with a yoghurt-like consistency). 52 Slave children were fully weaned probably around one year, though mothers were given less time to breastfeed after 8 months. 53 After weaning slave children were given a very poor diet of mush, corn, hominy and labourers. Slave children began to receive their own food rations after age two, but more importantly, they also helped the household supplement its income and diet by fishing, trapping or hunting small game, helping out in the garden and making cloth. These tasks were difficult for the parents to carry out regularly when working in the fields and caring for younger children. 60 Finally, modern evidence suggests that children may develop progressive immunities that prevent them from getting sick as often. For instance, Prentice et al.
attributed catch-up growth between the ages of 3 and 7 in Gambian children to a reduction in growth-impairing infections as 'the normal postnatal maturation of the children's immune systems' proceeded and the children developed 'a broad repertoire of adaptive responses against previously encountered pathogens'.
61
After the children began labouring in the fields, their condition improved further.
According to agricultural journals and guides to plantation management, children working in the fields received substantially larger rations with more meat than children not working in the fields. They also received better clothes more frequently and new shoes and blankets. 62 Schwartz describes these perks as an inducement to get children to begin working in the fields, but they could fit Steckel's model of slave owner investment as well. An increase in the quantity and quality of food would have dramatically improved the health of slave children. Receiving shoes would have also significantly reduced their exposure to hookworm, which was often contracted through bare feet. 63 Clearly, environmental and nutritional conditions for slaves in infancy and early childhood were very bad and could easily have been worse than the conditions they faced in the prenatal period, but there was a marked improvement across childhood and adolescence that sparked catch-up growth. Third, it seems likely that Steckel significantly underestimated slaves' birth weights.
As mentioned above, Steckel estimated birth weights by assuming that the log linear relationship between birth length (or height) and birth weight in poor modern populations would be the same as in historical populations. 64 All in all, this is not a bad assumption given the paucity of historical data. However, because it is very difficult to measure height for children who cannot walk, Steckel used the average heights of three and four-year-olds relative to modern standards to predict the slaves' birth weights. This assumption is slightly more problematic because it requires the slave children to have followed the same growth trajectory from birth until the point of measurement as the reference populations used to predict the birth weights. Growth faltering, or stunting in early life, is common in impoverished populations, and likely occurred in Steckel's reference populations. 65 However, the evidence presented above suggests that infancy and early childhood were periods of extremely poor nutrition and health for slave children, and likely poorer than Steckel's reference populations. Thus, it seems plausible that slave children would have become severely stunted by the time they reached the age of three or four, especially since growth velocities are highest before the age of three.
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In addition, the birth weights that Steckel predicted were extremely low. At 2,320 grams, they are a full 1,060 grams below the current international standard of 3,380 grams.
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The only populations in the world with mean birth weights of a similar level are tribal populations in New Guinea. In the 1960s, these children had birth weights between 2,400 and 2,600 grams, experienced slow growth throughout their growing years, and attained extremely short final adult statures. 68 The Lumi of New Guinea, the population with the lowest mean birth weight that Steckel includes in his regression to predict slaves' birth interesting, but their connections between maternal work and fetal health conditions are somewhat tenuous for several reasons. First, it seems likely that on average pregnant women were given less physically demanding tasks, especially once the pregnancy could be verified.
Agricultural journals and a general attitude of paternalism among slaveholders suggest that this was a strong norm. This does not mean that women were never mistreated or forced to perform hard labour during the final months of pregnancy. Cotton picking rates suggest that women were picking only around 20 per cent less in the third trimester than they would in a normal year. However, cotton picking was not considered particularly arduous, and the presence of 'trash gangs' on large plantations and slaveholders' desire to increase their slave population likely meant that overall pregnant women were relieved of the heaviest tasks. complications such as placenta praevia and placental abruption. 77 Thus, higher levels of early neonatal mortality during times of peak demand for hard physical labour may reflect greater rates of intrapartum complications.
Finally, Campbell's finding that work release in the first two trimesters (and especially the first trimester) was most important in reducing the risk of infant death is perplexing. 78 Given that the evidence on women's exercise and infant mortality and birth weight is mixed at best and effects should be stronger later in pregnancy, it seems that the link Campbell finds may be indirect rather than direct. Perhaps the number of days off in the first trimester is a proxy for the woman's bargaining power with the overseers and slaveholder more generally. Women who were able to negotiate more time off early in pregnancy may have been able to secure better food and less strenuous work at the end of their pregnancy and after birth, which Campbell could not observe directly. 79 In conclusion, it seems likely that maternal work effort cannot explain Steckel's extremely low average slave birth weight, bolstering my claim that birth weights and early life health conditions were better than he thought.
Finally, the magnitude of the catch-up growth that the slave children achieved is unprecedented and would seem implausible if slave children were exposed to such terrible conditions in utero. The slave boys in Steckel's sample experienced a 2.4 standard deviation increase and the girls a 2.2 standard deviation increase in height-for-age relative to modern standards. Modern studies have mostly found catch-up growth of less than one standard deviation relative to the modern mean. 80 Thus, it is clear that the catch-up growth of American slaves was truly remarkable, especially considering that the intervention sparking 77 Kramer, 'Determinants'; Artal and O'Toole, 'Guidelines'; Tafari, 'Effects'. 78 Campbell, 'Work'. 79 Schwartz, Born, pp. 24-27. 80 Prentice et al., 'Critcal Windows'. catch-up growth occurred in the first half of the nineteenth century when even the best nutritional and environmental conditions were far below modern levels.
The slaves' catch-up growth is even more puzzling because there is substantial evidence that catch-up growth is different for children exposed to a poor environment in utero. For example, Proos found that Indian children with birth weights under 2,000 grams adopted in Sweden had significantly lower catch-up growth than children adopted with higher birth weights. In addition, although nearly all of the adopted Indian girls experienced rapid type A catch-up growth after their move to Sweden, they also experienced early onset of the pubertal growth spurt and menarche and did not reach final heights significantly taller than their counterparts in India. 81 This pattern has been observed with malnourished children from other countries adopted in developed countries as well. 82 Thus, it seems that for these adopted children poor conditions in the prenatal period triggered a predictive adaptive response that lowered metabolism and height potential and accelerated maturation. Further poor conditions in early childhood led to additional stunting as many of the children were malnourished and suffering from chronic diseases before being adopted. However, when the children were adopted and given the best nutrition and health care available, they experienced rapid type A catch-up growth that restored them to their prenatally determined growth trajectory. Thus, they had an earlier age at menarche than Swedish girls who were not deprived in utero and their Indian counterparts, who had experienced an immediate adaptive response in early adolescence to delay the pubertal growth spurt. Although the adopted children experienced type A catch-up growth, they were not able to continue to grow at relatively high velocities into their early twenties.
The direct implications of these studies for slaves' growth are slightly difficult to understand because the effectiveness of the intervention for the Indian girls was substantially 81 Proos, 'Growth'. 82 Proos and Gustafsson, 'Early Puberty'.
greater than the effectiveness of the intervention for slaves. Gluckman and Hanson also emphasize that the postnatal immediate adaptive response to delay maturation until conditions improve is probably more powerful than the prenatal predictive adaptive response to poor nutrition in utero to advance maturation. 83 However, the evidence presented above suggests that catch-up growth may be limited for children who have experienced poor prenatal conditions and have a low birth weight, especially if they experience an intervention that would spark type A catch-up growth. 84 Thus, the low average birth weight of American slaves seems inconsistent with their remarkably high level of catch-up growth. Their unique pattern of growth would make more sense if slave children developed and set their metabolism and growth trajectory in a relatively good uterine environment, then faced severe deprivation in infancy before experiencing catch-up growth as conditions improved in late childhood and adolescence.
IV
The adaptive framework seems plausible in explaining the growth pattern of American slaves, but explaining why Caribbean slaves would also experience substantial catch-up growth is more difficult. In terms of maternal health, slave women in the Caribbean were substantially shorter than their American slave counterparts and shorter than or equal to women in England and Ireland. 85 Women born in St. Lucia and Trinidad were 153.3 cm and 155.6 cm tall respectively, and slave women born in Africa were 1-2 cm shorter. 86 Caribbean slave women were also forced to work long hours and were given rum as part of their 83 Gluckman and Hanson, 'Evolution', p. 9. 84 Proos and Gustafsson, 'Early Puberty'. 85 Higman's data is drawn from censuses of slaves taken in Trinidad in 1813 and St. Lucia in 1815. These censuses included all slaves and were verified by the colonial administrators in charge of the registration. Thus, they do not feature the potential for selection bias that the coastwise manifest sample does (Higman, Slave, 22/3 Caribbean and in the US South were given similar similar types of food with nutrition improving after slaves entered the workforce in both places. 92 Thus, it seems likely that prenatal conditions in the Caribbean were worse than in the US South, but conditions in childhood were perhaps slightly better.
Placing Caribbean slave children's growth in the adaptive framework (figure 4), slaves in the Caribbean achieved substantial catch-up growth because their material conditions did improve across their growing years, but their potential for catch-up was limited by the prenatal predictive adaptive response, which set their growth trajectory and metabolism at a lower level. Although conditions were still probably worse in the postnatal period than the prenatal period, the mismatch was smaller, which meant that Caribbean slave children did not fall behind modern standards as quickly as American slave children. Their 87 Steckel shows that alcohol consumption levels were lower for slaves in the US (Steckel, 'Peculiar Population', p. 729; Higman 1984, pp. 205, 211) . 88 Higman, Slave, p. 319; Floud et al., Changing Body, p. 16; Wrigley, 'British Population', p. 73. 89 Steckel, 'Peculiar Population', p. 733. 90 Klein and Engerman, 'Fertility Differentials'; Higman, Slave, pp. 353/4. 91 Higman, Slave, Meredith John, 'Plantation', pp. 170/1; Steckel, 'Slave Mortality', p. 92. 92 Kiple and Kiple, 'Deficiency Diseases', ; but see Higman, Slave, for a more sceptical opinion.
metabolism better matched their postnatal experience. Clearly, an adaptive framework for growth can be instructive when trying to understand the growth trajectories of different populations.
V
With the lessons of the previous case study in mind, we can now explore the implications of an adaptive framework of growth to changes in the growth pattern of human populations over the past 150 years. Unfortunately, this discussion will have to be rather speculative because a lot more primary work remains to be done on how the growth trajectories of children have changed over time. However, a perusal of the secondary literature does allow for the development of four preliminary stylized facts that could guide a more systematic and robust analysis: 1) Early life health conditions have been relatively stable over the past 150 years in the Western World; 2) There is considerable heterogeneity in early life health around the world today with some developing countries experiencing very low average birth weights; 3) Children in the past experienced the pubertal growth spurt at later ages than modern populations; and 4) There has been a secular decrease in the age at menarche for girls in the West over the past 100 years.
The first stylized fact is that at least from the mid-nineteenth century onward, it appears that early life health conditions in the West were fairly good. Where birth weight evidence is available, mostly for working class populations, it seems that in the second half of the nineteenth and early twentieth centuries, average birth weights in North America had already reached their modern levels ( Of course looking only at averages may hide considerable change in the underlying birth weight distributions, and birth weight is at best an imperfect proxy for fetal health conditions. 94 However, the stability of birth weights over time is a striking result that needs to be analysed in more detail in the future.
Insert Table 1 Europe were never exposed to the worst intra-uterine conditions now present in the developing world.
The third stylized fact is that children in the past had later pubertal growth spurts than healthy children in the present. Steckel has calculated the precise age at the peak of the pubertal growth spurt for a number of historical populations and found that all of the populations had much later pubertal growth spurts than modern populations. 96 Thus, there has been a transition over the past 100 years where the pubertal growth spurt has occurred earlier in children of both sexes. 93 Ward, Birth Weight. 94 Hanson et al., 'Optimal Fetal Growth'. 95 Kramer, 'Determinants', p. 665 . 96 Steckel, 'Growth Depression'.
Fourth and finally, there has been a clear secular decline in the age at menarche for girls over the last century in Western countries. Before the turn of the twentieth century, Norwegian, German, Finnish and Swedish girls experienced menarche between the ages of 15.5 and 17 whereas today the average age at menarche has fallen below 13 years old. 97 This is of course related to the decline in the age of the pubertal growth spurt, but may highlight that the link between growth and maturation (especially in puberty) is stronger in girls than in boys.
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Keeping these four stylized facts in mind, we can now attempt to interpret the differing growth trajectories of historical populations and draw some wider lessons about historical growth patterns. The suggestion that birth weights in the Western World were already quite high in the second half of the nineteenth century indicates that the negative consequences of poor early life health were not as strong in these countries as they are in some developing countries today. Thus, the predictive adaptive response was not a strong limiting factor on children's growth in North America and Europe 150 years ago as it might be in India today. This may also suggest that negative consequences of these predictive adaptive responses, such as higher risks of heart disease and diabetes in later life, may be more prominent in developing countries in the present and future than they were in developed countries in the past. Reports of age-standardized prevalence of diabetes around the world support this suspicion. 99 Good prenatal conditions in the North America and Europe also allowed these populations to experience greater catch-up growth if conditions improved.
Despite relatively good early life health conditions, the delay in the timing of the pubertal growth spurt and later age at menarche in Western populations in the past suggests that these children must have been making immediate adaptive responses to delay maturation in response to poor nutrition or high levels of morbidity in the postnatal period. Thus, the 97 
VI
This paper has introduced a new, adaptive framework for interpreting the pattern of children's growth in populations past and present. The adaptive framework shows how exposure to good or bad conditions at various points in the growing years can influence a child's growth pattern. Poor conditions in utero can trigger a predictive adaptive response that decreases a child's metabolism, sets him/her on a slower growth trajectory, and advances his/her physical and sexual maturation. There is also substantial evidence that poor conditions in utero limit a child's potential for catch-up growth in later life. Poor conditions in the postnatal period can spark immediate adaptive responses to delay maturation and growth until conditions improve. When these conditions do improve, catch-up growth serves as another adaptive response that attempts to move the child back to its prenatally programmed growth trajectory. All of these responses are adaptive in the sense that they increase the probability that a child will survive to reproductive age and reproduce. However, they are not without their costs. Poor nutrition in utero has been linked to heart disease and diabetes in later life and shorter children and adults have higher mortality risks at all ages.
I then used the framework to suggest a reinterpretation of the growth of slaves in the United States and Caribbean. These slaves appear to have experienced a mismatch between the prenatal and postnatal environment where the postnatal environment was substantially worse than the prenatal environment. This mismatch was likely greatest for US slaves because maternal health and early life health conditions were relatively good there. The mismatch caused slave infants to become severely stunted in their first few years of life because their prenatally programmed metabolism was set too high, but as conditions improved, they regained their former growth trajectory and experienced catch-up growth.
Caribbean slaves did not experience the same level of catch-up growth because they had poorer early life health, which limited their ability to respond to improving conditions. They were likely restricted by their metabolism and growth trajectory set in the prenatal period.
These conclusions are tentative since the evidence on slave health is not as complete as one would hope, but this example highlights that placing children's growth in an adaptive framework can be a helpful way of categorising and explaining the growth patterns of children in the past.
Finally, the paper introduced four stylized facts of children's historical growth experience in the past 150 years. These stylized facts and the adaptive framework help to clarify some important issues that should be addressed in future research. First, this paper shows how important it is for each generation of health historians to read the latest biological literature and approach current and past debates and data to see what the newest thinking can contribute to our understanding of the past. This literature review is time consuming, but it yields interesting rewards including collaborations with medical doctors and human biologists and makes our historical work of greater relevance to the medical field. Second, the adaptive framework shows that the traditional focus on historical changes in adult height may be obscuring a clear understanding of health and child growth in the past. Growth is an enormously complex process, and by studying this process directly, the growth pattern of children, we can learn more about how child health has changed over time. This will involve new data collection efforts focused on measuring children's growth, confirming or falsifying the four stylized facts mentioned above and explaining how and why the growth pattern has changed. For instance, have early life health conditions remained constant over time? What conditions led to a shift toward an earlier maturation and pubertal growth spurt? When did children in the West achieve the modern growth pattern, and so on?
Third, the adaptive framework suggests that shifts in the growth pattern may have an influence on old age morbidity and mortality from cardiovascular disease and diabetes.
Future research could study these links more directly, especially given that age-specific cohort mortality from non-infectious diseases has fallen since the late nineteenth century. 104 Finally, understanding growth in an adaptive framework allows economic historians to link their findings more directly with health policy issues in the developing world today. Stunting rates at age five are one of the leading indicators for malnutrition and reducing stunting is in fact manufacturing a shift in the growth pattern of children. Historical comparisons may reveal key similarities and differences in these processes, yielding lessons for development policy. Clearly, an adaptive framework for child growth provides anthropometric historians with new questions and ideas to explore. 104 Arora, 'Understanding Aging'.
villages drank more than mothers in treatment villages so that the number of calories obtained was similar in both the treatment and control with mothers in control villages actually consuming more micronutrients. In the end, birth weights in the treatment and control were nearly identical, suggesting that there were not really differences in early life health across the villages. 4 These study design problems make it difficult to accept the findings that Bogin et al. use Table A1 : Birth weights of children around the world in the 1980s.
Sources: Kramer (1987, p. 665 
